1.
Introduction For many decades first-line treatment for locally advanced and metastatic prostate cancer (PC) has been based on long-term hormone therapy. The prognosis for these patients has improved in recent years with the licensing of agents that increase survival (docetaxel, abiraterone, enzalutamide, cabazitaxel, radium-223, and sipuleucel-T) and reduce morbidity (zoledronic acid and denosumab) [1] . These agents have all shown benefits in the setting of castrate-resistant PC (CRPC; ie, after first-line hormone therapy has ceased to work). More recently, the STAMPEDE trial is assessing various treatment approaches in the first-line, hormone naïve setting [2] .
A number of randomised trials have been conducted to assess whether men with metastatic or high-risk localised PC starting hormone therapy would benefit from addition of docetaxel (with or without other agents) [3] [4] [5] [6] . Results from some of the largest of these trials, including STAMPEDE [7] , have now emerged and been combined in a meta-analysis [8] . Collectively, these studies showed that six cycles of docetaxel extend survival and failure-free survival (FFS) for men with metastatic PC. For men with nonmetastatic PC, FFS was clearly improved by docetaxel; however, there were relatively few deaths, so statements about overall survival in this population remain uncertain. The National Health Service (NHS) in England currently funds docetaxel in newly-diagnosed men with metastatic PC who are starting hormone therapy or who have started hormone therapy within the last 12 wk. There is currently no NHS policy statement regarding the use of docetaxel among patients with high-risk nonmetastatic PC commencing hormone therapy.
In this cost-effectiveness study, we use data from the "docetaxel comparison" of the STAMPEDE trial and modelling methods to assess whether (1) the cost-effectiveness evidence supports the decision made by NHS England to fund docetaxel for patients with metastatic PC; and (2) whether this recommendation should be extended to
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Results and limitations:
The model predicted that docetaxel would extend survival (discounted quality-adjusted survival) by 0.89 yr (0.51) for metastatic PC and 0.78 yr (0.39) for nonmetastatic PC, and would be cost-effective in metastatic PC (ICER £5514/QALY vs SOC) and nonmetastatic PC (higher QALYs, lower costs vs SOC). Docetaxel remained cost-effective in nonmetastatic PC when the assumption of no survival advantage was modelled. Conclusions: Docetaxel is cost-effective among patients with nonmetastatic and metastatic PC in a UK setting. Clinicians should consider whether the evidence is now sufficiently compelling to support docetaxel use in patients with nonmetastatic PC, as the opportunity to offer docetaxel at hormone therapy initiation will be missed for some patients by the time more mature survival data are available. Patient summary: Starting docetaxel chemotherapy alongside hormone therapy represents a good use of UK National Health Service resources for patients with prostate cancer that is high risk or has spread to other parts of the body. individuals with nonmetastatic PC for whom funding is not currently mandated in the UK.
2.
Patients and methods
Overview
The methods for this economic evaluation follow the reference case set out by the National Institute for Health and Care Excellence (NICE) [8] and the reporting adheres to the Consolidated Health Economic Evaluation Reporting Standards statement [9] . We used a modelling approach to predict the lifetime experience of patients receiving each intervention. In line with the NICE reference case, the model uses a lifetime time horizon, health outcomes are quantified in terms as quality-adjusted life years (QALYs), which provide a means of reflecting patient morbidity and mortality, and a 3.5% annual discount rate (the rate at which costs and outcomes incurred in the future are converted to their value today) is applied for costs and outcomes.
A modelling rather than within-trial analysis is necessary as approximately half of the patients in these STAMPEDE research comparisons were still alive at the time data were frozen for the primary survival analysis. It was therefore necessary to account for the remainder of their projected life experience using a predictive model (hence we use the term predicted survival in our results). The perspective for this analysis is the UK NHS and Personal and Social Services. Results are presented in terms of the incremental cost-effectiveness ratio (ICER) for SOC plus docetaxel, that is, its additional cost per QALY gained compared to SOC alone. If docetaxel reduces costs and increases predicted QALYs, it is termed dominant.
STAMPEDE
We used the STAMPEDE trial as the main source of data to assess the costeffectiveness of adding docetaxel to SOC as STAMPEDE represents the largest trial of docetaxel in this setting, is reflective of UK practice, and collected extensive data on patient health-related quality of life (HRQoL) and resource use. Full details of the STAMPEDE trial can be found elsewhere [2, 7, 10, 11] . In brief, the trial uses a multiarm, multistage (MAMS) platform design to test whether addition of treatments at the time of long-term hormone therapy initiation improves overall survival (OS). STAMPEDE recruits men with highrisk, locally advanced, metastatic or recurrent PC who are starting first-line long-term hormone therapy, and has enrolled more than 9000 men to ten different comparisons so far [7, 12] . The first set of comparisons from STAMPEDE revealed that docetaxel chemotherapy improved survival and failure-free survival (FFS) but was accompanied by an increase in adverse events. SOC-only comprised hormone therapy for at least 2 yr and radiotherapy was encouraged for men with node-negative nonmetastatic PC until November 2011, when it was mandated, and was optional throughout in those with node-positive nonmetastatic disease. Docetaxel (75 mg/m 2 ) [12] was administered alongside SOC (SOC + Doc) in six threeweekly cycles with prednisolone 10 mg daily.
Estimation of disease progression
The model structure was developed to reflect the natural history of PC patients on the basis of a review of observational data, clinical guidelines, and clinical advice ( Fig.1) . A patient-level simulation approach was used to generate lifetime predictions for the cohort of patients enrolled in STAMPEDE [13] . This approach provides a simple way of reflecting timevarying rates of clinical events. Predictions were generated as if all patients enrolled in the original comparisons in STAMPEDE were allocated to SOC, then as if all patients were allocated to SOC + Doc to eliminate chance imbalances in patient characteristics between comparators.
A multistate survival-analytic approach was used to estimate the rate at which individuals move through the health states in STAMPEDE [14] [15] [16] . Parametric survival models were fitted to allow extrapolation of the estimated hazard rates beyond the data collected in the trial period for those still alive (censored) at the preplanned analysis [17] . The first transition represents time to treatment failure and was estimated as a function of treatment allocation and baseline patient characteristics that have previously been found to be prognostic [10, 11] . Transitions beyond the point of treatment failure were estimated conditional on patients' treatment allocation and time of failure. Robust data on outcomes beyond the onset of metastatic CRPC were not available from STAMPEDE for patients with nonmetastatic PC at baseline according to the follow-up duration currently available.
Data for metastatic CRPC cases who had metastatic disease at baseline were therefore assumed to apply to metastatic CRPC cases with nonmetastatic disease at baseline. This assumption was supported by the literature [18] and clinical opinion.
HRQoL and costs
HRQoL was reflected in the model as a function of patients' baseline characteristics, the health states they occupied over time, and the toxicity effects of docetaxel. HRQoL was estimated using the EQ-5D three-level version (EQ-5D-3L; https://euroqol.org/eq-5d-instruments/ eq-5d-3l-about/) collected throughout follow-up for the first 700 patients randomised to STAMPEDE. Patient responses to the EQ-5D-3L questionnaire were converted to HRQoL weights using UK general population preference data [19] . The resulting EQ-5D scores for all time points were subjected to regression analysis to predict EQ-5D scores conditional on patients' characteristics at baseline considered to be predictive of HRQoL This was based on data from STAMPEDE that indicated that the proportion of patients reporting worst adverse event ever as grade 3 or higher was initially higher in the SOC + Doc group, but that this difference no longer existed at approximately 1 yr [7] . The resulting HRQoL weights were allocated according to patient baseline characteristics, treatment allocation, and health state to generate estimates of lifetime QALYs.
[ ( F i g . _ 1 ) T D $ F I G ] Fig. 1 -Model structure. Patients start treatment in the hormone-sensitive health state and then progress to the castrate-resistant prostate cancer (CRPC) states. At treatment failure, patients enter the CRPC state that reflects their worst previous disease event (with the worst event being visceral metastases, then bone metastases with history of a skeletal-related event [SRE], then bone metastases without an SRE, then CRPC with no metastases or only lymph-node metastases). Further events can cause movement to more severe health states. Death due to prostate cancer or non-prostate cancer is possible from any of the health states (not shown for parsimony).
Costs were reflected in the model for docetaxel acquisition and administration; adverse events; disease and toxicity monitoring; general disease management (including hormone therapy; concomitant and postprogression drugs, radiotherapy, and procedures; and unscheduled primary and secondary care for PC-related hospital attendance); acquisition and administration of life-extending therapies (docetaxel, abiraterone, enzalutamide, cabazitaxel, and radium-223); and end-of-life care (Table 1) . Resource use data were taken from STAMPEDE where available, supplemented with data from the literature and clinical opinion.
General disease management costs were analysed using a regression approach that estimated costs conditional on patient baseline characteristics considered to be predictive of costs (age, WHO status, nodal stage), whether or not the individual was within 1 yr of receiving docetaxel, and their health state (as shown in Fig. 1 ). Life-extending therapy costs were estimated for each health state and for each study arm, as choice of life-extending therapy was found to differ substantively between arms [7] . Monitoring costs were assumed to differ across health states, and whether or not patients were in receipt of active therapy requiring more intensive monitoring. Unit costs were obtained from standard UK sources [20] [21] [22] [23] . Generic drug costs were taken from the electronic market information tool (eMit) [21] where possible, as these reflect actual prices paid by NHS hospitals for docetaxel and other relevant products.
An androgen-receptor pathway inhibitor (abiraterone or enzalutamide) is currently the first-line treatment choice for the majority of patients with metastatic CRPC who receive a life-extending therapy [24] . In STAMPEDE, these AR-pathway inhibitor treatments were used more frequently after the onset of metastatic CRPC if patients were allocated to SOC + Doc in the hormone-naïve setting, as part of the trial, than if they were allocated to SOC [7] . This reflects the early licensing and reimbursement approvals of the AR pathway inhibitors. NICE approved their use in patients who had received prior chemotherapy in 2012, and this was extended to all patients at first relapse in 2016 (although earlier in England via the Cancer Drugs Fund). To reflect current practice, we therefore applied the life-extending therapy usage observed in the SOC + Doc arm to the SOC arm and used data from the COU-AA-302 trial [25] to model the better outcomes expected for patients allocated to SOC.
Given the limited data from STAMPEDE on life-extending therapy use in the longer term, data were pooled across study arms and time periods from the third year onwards for each health state.
Sensitivity analysis
Sensitivity analyses were conducted for the rates of progression through the clinical health states, the nature of current treatment practice, and the costs of branded and generic drugs. A probabilistic sensitivity analysis was also conducted to jointly reflect all parameter uncertainty.
Results are presented separately for nonmetastatic and metastatic cases given the differences in prognosis and long-term care.
As there is uncertainty about OS results for patients with nonmetastatic PC given the immature data from STAMPEDE, a sensitivity analysis was undertaken to explore the impact of inferring an OS benefit using predictive modelling from patients who had metastatic PC at baseline. This was simulated by assigning a much higher rate of metastases incidence to patients with nonmetastatic CRPC in the SOC the patients with nonmetastatic PC. This is because although their prognosis is poorer than for those with nonmetastatic PC, their outcomes are closer to those for patients with advanced localised PC than to those for individuals whose disease involved additional distant sites [10, 11] . Results were also examined by predicted time to failure to identify any variation in cost-effectiveness according to patient prognosis. Further details regarding the study methods and data are provided in the Supplementary material.
Results

Patient prognosis over time: nonmetastatic PC
The model predicted that a higher proportion of nonmetastatic cases who were allocated to SOC + Doc would be alive at each time point compared to SOC ( Fig. 2A) . These patients spend their time predominantly without bone, bone + skeletal-related event (SRE), or visceral metastases with or without treatment failure (Fig. 2B) . A higher proportion of patients in the SOC + Doc arm than in the SOC arm were predicted to be failure-free, and a lower proportion were alive with treatment failure (Fig. 2C) 
Patient prognosis over time: metastatic PC
A higher proportion of patients with metastatic PC who received SOC + Doc were predicted to be alive at each time point compared to those receiving SOC (Fig. 2D) . These patients were projected to spend their time predominantly with metastatic disease without treatment failure or with treatment failure and bone metastases ( Fig. 2E) . A higher proportion of patients in the SOC + Doc arm than in the SOC arm were failure-free, and a lower proportion were alive with treatment failure (Fig. 2F) 
HRQoL and costs
In the first year following randomisation, patients who received docetaxel experienced a small decrement in HRQoL (Fig. 3) . Patients with CRPC have impaired HRQoL, particularly those who have bone metastases and have experienced an SRE, and those who have visceral disease (Fig. 3) . The cost data used in the model are shown in Table 2 . The monitoring, management, and life-extending therapy costs are much higher for patients with CRPC in the model.
Cost-effectiveness results: nonmetastatic PC
For patients with nonmetastatic PC, the higher costs associated with acquiring and administering docetaxel, managing adverse events, and managing patients over their predicted longer life expectancy were offset by lower monitoring costs and life-extending therapy costs, as patients would experience a shorter period of their lives with CRPC ( Table 2 ). The net impact of these effects is that docetaxel is predicted to save the NHS £251 per treated patient over patients' lifespan. The predicted improvement in QALYs associated with SOC + Doc was 0.39 per patient, with patients receiving SOC + Doc accruing additional QALYs in the failure-free state and fewer QALYs in the CRPC states. The addition of docetaxel to SOC therefore offers health benefits and cost savings to the NHS (ie, it is a dominant treatment).
Cost-effectiveness results: metastatic PC
For patients with metastatic PC, the incremental costs associated with acquiring and administering docetaxel, managing adverse events, and managing patients over a longer life expectancy were only partially offset by savings on life-extending therapy costs, resulting in an incremental cost for SOC + Doc of £2787 per patient. This is because increasing the life expectancy of patients with metastatic PC is more costly, and because these patients experience a more similar period with CRPC regardless of the original treatment allocation. The predicted discounted improvement in QALYs associated with SOC + Doc was 0.51 per patient, with patients receiving SOC + Doc accruing additional QALYs in the failurefree state and slightly fewer QALYs in the CRPC states. The addition of docetaxel to SOC is therefore associated with an ICER of £5514/QALY, which is considerably lower than costeffectiveness thresholds currently used in the UK NHS (which range from £13 000 to £30 000/QALY [26, 27] ).
Sensitivity analyses
The results were similar across risk quartiles defined according to predicted time to progression for both nonmetastatic and metastatic groups. The probabilistic sensitivity analysis indicated a very high probability (>99%) that docetaxel is cost-effective in both nonmetastatic and metastatic PC using the base-case model specifications. Two sensitivity analyses increased the ICER above £13 000/QALY. First, when the British National Formulary price for docetaxel was used (which is considerably higher than the current price the NHS pays) [20, 21] , the ICER for docetaxel increased to £10 610/QALY for nonmetastatic and £13 868/QALY for metastatic cases. When patients in the SOC arm were assumed to be less likely to receive abiraterone or enzalutamide in CRPC (as observed in [ ( F i g . _ 2 ) T D $ F I G ] The sensitivity analysis to explore the impact of assuming no survival gain in nonmetastatic PC showed that the QALY gain was much smaller than the base-case assumption, which predicted an OS benefit from patients who had metastatic PC at baseline. This is because this alternative assumption reflects only gains to patient HRQoL (0.04 QALYs). The cost saving observed is higher (£3128) than in the base case, as patients in the SOC + Doc arm spend less time accruing the management, monitoring, and life-extending therapy costs associated with CRPC. Docetaxel therefore remains dominant in this scenario.
Discussion
We found that addition of docetaxel to SOC represents a costeffective use of UK NHS resources in both metastatic and nonmetastatic PC. Further work will be reported on the costeffectiveness of abiraterone plus prednisolone for men starting long-term androgen deprivation therapy following positive survival results from STAMPEDE [28] .
[ ( F i g . _ 3 ) T D $ F I G ] Following reports from trials evaluating the benefit of docetaxel addition for men with metastatic or high-risk localised PC [3, 4, 7, 8] , NHS England commissioned NICE to review the evidence for docetaxel for patients with metastatic PC starting long-term hormone therapy [29, 30] . On the basis of this review, NHS England concluded that there was sufficient evidence to support routine funding of docetaxel for men newly diagnosed with metastatic PC who were starting hormone therapy or had started hormone therapy within the last 12 wk. No evidence review or NHS policy statement has yet been made in relation to the use of docetaxel for patients with high-risk nonmetastatic PC commencing hormone therapy. These economic analysis results suggest that this position should be reconsidered.
The implications for patients with nonmetastatic PC deserve further discussion. Given the cytotoxic nature of docetaxel treatment, many clinicians will require a clinically relevant and statistically significant improvement in OS to support its use. Unsurprisingly, at the first report of survival data from STAMPEDE, there was not a statistically significant improvement in OS for patients with nonmetastatic PC (hazard ratio [HR] 0.95, 95% confidence interval [CI] 0.62-1.47), or evidence of heterogeneity of the treatment effect compared to metastatic PC; a meta-analysis of all randomised controlled trial data in non-metastatic patients showed a trend towards improvement in OS that does not reach statistical significance (HR 0.87, 95% CI 0.69-1.09) [8] .
Our model did not use these data as the sole basis for informing estimates of survival duration for patients with nonmetastatic PC, as the data were considered too immature to provide robust long-term predictions. Instead we predicted OS by estimating the impact of treatment failure on rates of subsequent metastases and mortality. This approach required extrapolation of information on outcomes in M1 CRPC from those who had metastases at baseline to those who did not, which introduces an additional level of uncertainty to the results, and clinicians may be reluctant to accept a survival advantage for patients with nonmetastatic PC until mature trial data demonstrate this. Nonetheless, even if it is assumed that SOC + Doc does not improve OS, our model predicts that it will result in an increase in QALYs compared to SOC. This is because the short-term negative effects of chemotherapy are offset by the HRQoL benefits of delaying the onset of CRPC. Furthermore, the cost saving on adding docetaxel is even higher under this assumption because SOC + Doc incurs lower costs as a result of less time spent in the CRPC state. Hence, docetaxel remains dominant in this scenario.
The modelling was associated with other uncertainties that are inevitable when attempting to infer the lifetime consequences of a treatment decision from trial data, and when attempting to predict the impact of changes to treatment practice. These included the fact that because of regulatory developments over the course of the trial, AR pathway inhibitors were more frequently used after the onset of metastatic CRPC in the hormone-naïve setting in STAMPEDE patients allocated to SOC + Doc rather than to SOC. The model was adjusted, using best available evidence [24] , to reflect the fact that SOC patients would now be expected to access these treatments to the same degree. Sensitivity analysis showed that cost-effectiveness was somewhat dependent on this assumption, but more so in patients with metastatic PC, as many patients with nonmetastatic PC will die without developing M1 CRPC. Nonetheless, our work suggests that docetaxel remains cost-effective as long as its acquisition cost remains low, and the AR pathway inhibitors represent the mainstay of treatment in metastatic CRPC regardless of earlier treatment choices.
The analysis adheres to the methods used for NICE technology appraisals which are influential internationally. Clinical, HRQoL, and resource data from STAMPEDE, and hence the results of the cost-effectiveness analysis, are relevant to the NHS in England. The cost of specific resources consumed by patients may be different in other countries, including the acquisition cost of docetaxel if NHS hospitals are able to achieve lower prices than their counterparts elsewhere. However, clinical practice for these patients is similar internationally [24] , suggesting that the magnitude of benefits estimated in the analysis is likely to be generalisable to other settings. Under most scenarios considered here, we found that adding docetaxel was costeffective. Whether this is the case elsewhere will depend on unit costs, including drug prices, and the cost-effectiveness thresholds of different systems. The authors are willing to collaborate in adapting the model for other jurisdictions.
Conclusions
Docetaxel is a cost-effective intervention in patients with metastatic PC. For patients with nonmetastatic PC, our analysis suggests that treatment is also very likely to be cost-effective, and this is the case whether or not a survival advantage is included. Clinicians should consider carefully whether the evidence is now sufficiently compelling to support initiating docetaxel in selected patients with highrisk nonmetastatic PC currently starting hormone therapy. Data are available for bona fide researchers on request from the authors.
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